**Core tip:** Several lines of evidence show that intra-hepatic thrombosis is associated with liver fibrosis. Based on these observations, we hypothesized that routine use of antithrombotic drugs may prevent liver fibrosis. In our study, we successfully established a rat model of liver fibrosis after 8 wk and successfully established a rat model of liver cirrhosis after 12 wk through the thioacetamide-induced method. Our study clearly shows that aspirin and enoxaparin can reduce liver fibrosis in rats. However, reporting the results in humans is more complicated because other aspects, such as renal function, need to be considered.

INTRODUCTION
============

Liver fibrosis is a common liver disease posing a heavy burden on human health, and is a common cause of death. The mortality rate due to end-stage liver disease caused by fibrosis and subsequent severe liver cirrhosis is 20%-50%. In recent years, liver fibrosis has become a research hotspot, but its occurrence and development have not been fully elucidated. Liver fibrosis is closely related to the chronic inflammatory response of the liver, and inflammation leading to liver fibrosis has been studied in detail. In some cases, other pathways may also contribute to liver fibrosis in addition to inflammation.

There is evidence showing that intra-hepatic thrombosis is associated with liver fibrosis. Wanless et al\[[@B1]\] found that microthrombosis in the intrahepatic portal vein and hepatic venous system was associated with hepatic atrophy and fibrosis in transplanted livers. Papatheodoridis et al\[[@B2]\] showed that, in patients with chronic viral hepatitis, risk factors for thrombosis were strongly associated with liver fibrosis and cirrhosis. Thrombin, a serine protease activated by proteolytic cleavage of prothrombin, can directly activate stellate cells through protease-activated receptors. Many antithrombotic therapies, such as standard heparin, low molecular weight heparin, vitamin K antagonists and antiplatelet agents, can reduce the proliferation and activation of stellate cells and reduce the fibrotic regions in various animal models with liver fibrosis.

Based on these observations, we hypothesized that routine use of antithrombotic drugs may prevent liver fibrosis in humans. To test this hypothesis, we used thioacetamide (TAA) to establish a rat model of liver fibrosis and examined the effect of antithrombotic therapy with aspirin and enoxaparin in this model.

MATERIALS AND METHODS
=====================

Animals
-------

Forty-five healthy and pure Sprague-Dawley (SD) male rats weighing 200-250 g were included in this study and were housed in a specific pathogen-free environment. The ambient temperature was maintained at 20-25 °C and humidity was maintained at 50%-70%. The animals were acclimated to their new environment for 2 wk prior to experimentation. The rats were treated in accordance with ethical requirements for laboratory animal care, and were weighed weekly to adjust the dose of TAA and drugs.

Drugs and reagents
------------------

TAA was purchased from Sigma (St Louis, MO, United States). Aspirin enteric-coated tablets were produced by Bayer Healthcare Limited Corporation and enoxaparin was produced by Sanofi-Aventis (Beijing, China) Pharmaceutical Limited Corporation.

Grouping and modeling
---------------------

Preparation period: SD rats were randomly divided into two groups: the control group (Group A, n = 5) and the model group (n = 40). Hepatic fibrosis was induced by intraperitoneal injection of TAA at a dosage of 200 mg/kg body weight, given twice weekly for 8 wk. The control group received an intraperitoneal injection of saline. After 8 wk, four rats in the model group were sacrificed at random and liver tissue was obtained to verify the model.

**Treatment period:** The rats in the model group were subdivided into four groups: TAA group (Group B), TAA + low-dose aspirin group (Group C), TAA + high-dose aspirin group (Group D) and TAA + enoxaparin group (Group E), with 9 rats in each group. One milliliter of physiological saline was administered by gavage in Group A and B, 1 mL of aspirin (30 mg/kg) was administered by gavage in Group C, aspirin (300 mg/kg) was administered by gavage in Group D, and 400 L of enoxaparin (2 mg/kg) was injected subcutaneously in Group E. The frequency of administration in each group was once a day over a period of 4 wk.

During establishment of the model and the treatment period, the weight of the rats was measured twice a week and drug dosage was adjusted according to body weight. The dosage selected for each intervention was based on the results of previous studies using these agents in various fibrotic diseases\[[@B3],[@B4]\]. To prevent spontaneous degeneration of liver cirrhosis, TAA (200 mg/kg) injections were continued twice a week during the treatment phase of the study in Groups B-E.

General observation
-------------------

The main indices observed were activity, death and weight.

Determination of liver biochemistry
-----------------------------------

Serum and plasma were collected before the experi-ment, and at wk 8, 10 and 12 after treatment. Serum alanine aminotransferase (ALT), albumin (ALB), total bilirubin (TBIL) and plasma prothrombin time (PT) as well as international normalized ratio (INR) were measured.

Determination of liver histopathology
-------------------------------------

Liver histopathology was determined by naked-eye observation and photography and by staining, microscopic observation and photography.

**HE staining:** Histopathological changes in the liver were observed, including necrosis of hepatocytes, the degree of fibrosis, the presence of regenerative nodules or pseudo-lobules, particularly the presence of thrombosis in sinusoidal or intrahepatic vessels, and the presence of luminal stenosis.

**Masson staining**: Liver collagen fibers were stained using Masson stain. The degree of fibrotic hyperplasia in sections was classified using the METAVIR liver fibrosis scoring system\[[@B5]\], which was blindly applied to each liver biopsy sample.

Statistical analysis
--------------------

All data were statistically analyzed using SPSS 18.0 statistical software. The data were expressed as median, and the overall variance analysis was carried out using nonparametric Kruskal-Wallis H and Mann-Whitney *U* tests, as the data obtained were not consistent with normal distribution and variance was not homogeneous. *P*-values of \< 0.05 were considered statistically significant.

RESULTS
=======

General observations of rat status
----------------------------------

At wk 12, healthy control rats had shiny hair and normal activities, with no mortality. The TAA group had disheveled hair and decreased activities; one rat died at wk 9 and another died at week 11, giving a mortality rate of 22.2%. Activity in the TAA + low-dose aspirin group, TAA + high-dose aspirin group and TAA + enoxaparin group decreased compared with the healthy control group, but was greater than that in the TAA group. The mortality rate in the TAA + low-dose aspirin group and TAA + high-dose aspirin group was 11.1%, with one death at wk 11 in each group. No deaths occurred in the TAA + enoxaparin group.

Compared with the healthy control group, body weight in rats in the model groups was lower at wk 8, 10 and 12 (P \< 0.05; Table [1](#T1){ref-type="table"}), but there was no statistically significant difference between them.

###### 

Body weight in each group at wk 8, 10 and 12

  ---------------------------------- -------------------- ----------- -----
  **Group**                          **Body weighting**               
  **8 wk**                           **10 wk**            **12 wk**   
  Healthy control group, A           510                  536         527
  TAA group, B                       394                  401         454
  TAA + low-dose aspirin group, C    381                  403         403
  TAA + high-dose aspirin group, D   381                  364         408
  TAA + enoxaparin group, E          385                  409         415
  ---------------------------------- -------------------- ----------- -----

TAA: Thioacetamide.

Biochemical changes in rats
---------------------------

Biochemical changes in the rats are shown in Table [2](#T2){ref-type="table"}. At wk 8, ALT and TBIL were higher in the model group than in the control group (*P* \< 0.05). ALB decreased, and both PT and INR were prolonged, but were not statistically significant. Along with the formation of liver fibrosis, liver function became abnormal.

###### 

Changes in alanine aminotransferase, albumin, total bilirubin, prothrombin time and International normalized ratio in each group

  **Group**                          **Wk**   **ALT**   **ALB**   **TBIL**   **PT**   **INR**
  ---------------------------------- -------- --------- --------- ---------- -------- ---------
  Healthy control group, A           8        35        29.1      2.95       9.2      \-
  10                                 41.0     30.1      2.3       8.8        0.83     
  12                                 40.0     30        2.8       9.3        0.88     
  TAA group, B                       8        45.0      29        3.4        9.4      0.78
  10                                 49.5     29        3.4       9.4        0.89     
  12                                 60.0     28.5      4.2       10.3       0.97     
  TAA + low-dose aspirin group, C    10       48.0      29.6      2.2        10.2     0.96
  12                                 54.5     28.5      4.4       10.5       0.99     
  TAA + high-dose aspirin group, D   10       60.5      29.7      3.5        9.45     0.895
  12                                 47.0     29.25     4.75      10.1       0.950    
  TAA + enoxaparin group, E          10       45.0      30        3.4        9.45     0.895
                                     12       47.0      28.7      4.8        10.2     0.96

ALB: Albumin; ALT: Alanine aminotransferase; INR: International normalized ratio; PT: Prothrombin time; TBIL: Total bilirubin; TAA: Thioacetamide.

At wk 8, 10 and 12, ALT and TBIL increased, ALB decreased, and both PT and INR were prolonged in the four model groups (P \< 0.05). However, there were no significant differences between the groups.

General observations of rat liver
---------------------------------

At wk 12, livers in the healthy control group were bright red, shiny and soft, with a sharp edge (Figure [1A](#F1){ref-type="fig"}). Livers in the TAA group were dark, dull and rough, and showed granular nodules, hard texture and a blunt edge (Figure [1B](#F1){ref-type="fig"}). Livers in the TAA + low-dose aspirin group (Figure [1C](#F1){ref-type="fig"}), TAA + high-dose aspirin group (Figure [1D](#F1){ref-type="fig"}) and TAA + enoxaparin group (Figure [1E](#F1){ref-type="fig"}) were slightly darker than in the healthy control group, but slightly softer than in the TAA group, and the granular nodules on the surface were not obvious compared to the TAA group. In particular, livers were improved in the TAA + high-dose aspirin group and TAA + enoxaparin group. TAA effectively induced liver fibrosis/cirrhosis in this rat model, while aspirin and enoxaparin reduced the degree of liver fibrosis/cirrhosis.

![General observations of the rat model of liver fibrosis/cirrhosis. A: Healthy control group; B: TAA group; C: TAA + low-dose aspirin group; D: TAA + high-dose aspirin group; and E: TAA + enoxaparin group. TAA: Thioacetamide.](WJG-23-6412-g001){#F1}

Rat liver histopathology using HE staining and Masson staining
--------------------------------------------------------------

At wk 8, conventional HE staining of liver sections from the model group (Figure [2A](#F2){ref-type="fig"}) showed that hepatocytes around the central vein in lobules were disordered and both steatosis and fat vacuoles were visible in the cytoplasm. By Masson staining, collagen fibers around the central vein and portal area demonstrated significant proliferation, had a cord-like extension to the liver lobule and did not form pseudo-lobules. The rat model of liver fibrosis was successfully established.

![Liver histopathology of rat liver fibrosis/cirrhosis. A: Liver histopathology in the model group at wk 8; B: Liver histopathology in the healthy control group at wk 12; C: Liver histopathology in the TAA group at wk 12; D: Liver histopathology in the TAA + low-dose aspirin group at wk 12; E: Liver histopathology in the TAA + high-dose aspirin group at wk 12; and F: Liver histopathology in the TAA + enoxaparin group at wk 12. Left: HE × 100; Right: Masson × 100. TAA: Thioacetamide.](WJG-23-6412-g002){#F2}

At wk 12, HE staining of liver sections from the healthy control group (Figure [2B](#F2){ref-type="fig"}) showed normal hepatocyte morphology, complete structure of liver lobules and a neat radiation-like arrangement of liver tissue around the central vein. Masson staining showed no obvious collagen fibrosis. HE staining of liver sections from the TAA group (Figure [2C](#F2){ref-type="fig"}) showed damaged liver lobule structure and abnormal structure of pseudo-lobules due to regeneration of hepatocytes. Masson staining revealed significant proliferation of collagen tissue and the formation of pseudo-lobules. HE staining of liver sections in the remaining groups (Figure [2D](#F2){ref-type="fig"}-F) showed disordered hepatocyte arrangement, but no obvious formation of pseudo-lobules. Masson staining exhibited different degrees of collagen fiber proliferation.

The staging and scoring of liver fibrosis in each group at wk 12 are shown in Table [3](#T3){ref-type="table"}. The difference in fibrosis grading between the healthy control group and the other model groups was statistically significant (P \< 0.01), indicating that the model was successfully established. The difference between the TAA group and the other drug-intervention groups was statistically significant (P \< 0.05), indicating that the drug intervention was effective.

###### 

Staging and scoring of liver fibrosis in each group at wk 12

  ---------------------------------- --------- -------------------------- -------------------------- -------- --- ---------------------------------------------------------------------------------------------------- ---
  **Group**                          ***n***   **Liver fibrosis stage**   **Liver fibrosis score**                                                                                                                     
  **F0**                             **F1**    **F2**                     **F3**                     **F4**                                                                                                            
  Healthy control group, A           5         5                          0                          0        0   0                                                                                                    0
  TAA group, B                       7         0                          0                          2        1   4[b](#T3FN1){ref-type="table-fn"}                                                                    4
  TAA + low-dose aspirin group, C    9         0                          1                          5        3   0[b](#T3FN1){ref-type="table-fn"}[c](#T3FN2){ref-type="table-fn"}[e](#T3FN3){ref-type="table-fn"}    2
  TAA + high-dose aspirin group, D   8         0                          6                          0        1   1[b](#T3FN1){ref-type="table-fn"}[c](#T3FN2){ref-type="table-fn"}                                    1
  TAA + enoxaparin group, E          8         0                          0                          5        3   0 [b](#T3FN1){ref-type="table-fn"}[c](#T3FN2){ref-type="table-fn"}[e](#T3FN3){ref-type="table-fn"}   2
  ---------------------------------- --------- -------------------------- -------------------------- -------- --- ---------------------------------------------------------------------------------------------------- ---

*P* \< 0.01 *vs* the healthy control group;

*P* \< 0.05 *vs* the TAA group;

*P* \< 0.05 *vs* the TAA + high-dose aspirin group. TAA: Thioacetamide.

DISCUSSION
==========

Liver fibrosis/cirrhosis is a common outcome of chronic liver disease due to various etiologies, with high morbidity and mortality. Treatment of advanced liver fibrosis/cirrhosis is very unsatisfactory and is currently limited to the treatment of its underlying etiologies and remission of its complications. Therefore, there is an urgent need to develop new antifibrotic treatments that can prevent, halt or even reverse liver fibrosis. Recent, evidence has shown that intrahepatic thrombosis is associated with liver fibrosis. Mancuso\[[@B6]\] proposed that chronic microvascular ischemia of the liver may be a milestone in the development of liver cirrhosis. Chronic liver damage can eventually lead to endothelial injury and microvascular thrombosis, triggering inappropriate hepatocyte proliferation and fibrosis. In order to validate this theory, we established a rat model of liver fibrosis induced by TAA, determined the presence or absence of thrombosis in rat fibrotic livers, and examined whether antithrombotic therapy with aspirin and enoxaparin could reverse liver fibrosis.

The establishment of this animal model of liver fibrosis is of great significance in understanding the pathogenesis and treatment strategy of liver fibrosis and cirrhosis. To date, animal models have been developed using mice, rats, rabbits and pigs to mimic the complex processes of liver fibrosis and cirrhosis. Liver fibrosis induced by TAA is a widely used model and TAA can be administered by oral intake or peritoneal injection; however, peritoneal injection provides more consistent results. TAA-induced liver fibrosis is very similar to human liver fibrosis in terms of changes in hemodynamics, morphological and biochemical metabolism changes\[[@B7]\].

TAA damages DNA, RNA and protein synthetase in hepatocytes, leading to disorders of metabolism and necrosis of hepatocytes. An obvious feature of this model relative to the carbon tetrachloride model is that its fibrosis remains stable for several weeks after TAA withdrawal. However, TAA is a weak carcinogen and is both toxic and volatile. Large nodular cirrhosis and portal hypertension developed in the present model at 12 wk. A significantly highly powered cycle may be required to induce fibrosis for longer periods. Approximately 40% of rats develop ascites. After 18 wk of TAA administration, rats may develop cholangiocarcinoma.

In the present study, the rat liver fibrosis model was successfully induced by TAA in the 8th week. ALT and TBIL in the model group were significantly higher than those in the control group (*P* \< 0.05). ALB decreased, and both PT and INR were prolonged, but prolongation was not statistically significant. These findings indicated that following the formation of liver fibrosis, liver function became abnormal. At the 12th week, the rat model of liver cirrhosis was successfully established.

In 1995, Wanless et al\[[@B8]\] showed that both congestion and non-congestion in liver cirrhosis were present in the hepatic circulation during microthrombosis. By studying liver biopsy specimens from patients with chronic viral hepatitis, Papatheodoridis et al\[[@B2]\] in 2003 found that thrombosis-related factors were closely related to hepatitis staging and the degree of liver fibrosis, and antithrombosis drugs seemed to reverse liver fibrosis. It was suggested that microthrombosis may be involved in the formation of liver fibrosis in chronic liver disease, rather than the result of cirrhosis. In the present study, both HE staining and Masson staining showed that liver fibrosis in model rats was significant, and progressed to liver cirrhosis at 12 wk. However, no apparent microthrombosis was found, probably because HE staining and Masson staining were not sensitive enough to detect microthrombi. It is necessary to identify a more sensitive experimental method to observe microthrombosis in the liver.

Aspirin is regarded as an agent for preventing arterial thrombosis, but can also reduce the risk of venous thromboembolism\[[@B9]\]. The mechanism underlying the antifibrotic properties of aspirin may be related to its antithrombotic properties. Sinusoidal endothelial cell injury can also lead to increased platelet adhesion and a coagulation state. Indeed, such mechanisms have been implicated in injury repair and hepatic sinus obstruction syndrome after liver transplantation, and aspirin has been shown to reduce the risk of chemotherapy-associated sinusoidal lesions.

Aspirin also exhibits anti-inflammatory activity and inhibits nuclear factor kappa B (NFκB) transcript adhesion molecules in endothelial cells and vascular smooth muscle cells *in vitro*, thereby affecting macrophage and T lymphocyte adherence to these cells. Aspirin also reduces the levels of interleukin-6, monocyte chemoattractant protein-1, transforming growth factor-beta (TGF-β), tumor necrosis factoral-pha and platelet-derived growth factor. Chavez et al\[[@B10]\] showed that in the liver fibrosis model induced by carbon tetrachloride, aspirin partially inhibited the expression of TGF-β and prevented translocation of NFκB into the nucleus.

The anti-inflammatory effects of aspirin are achieved by endogenous anti-inflammatory lipids known as "aspirin-triggering lipoxins" (ATLs). ATLs are derived from arachidonic acid (converted by COX-2 acetylation), and even low-dose aspirin can induce ATLs\[[@B11]\]. Interestingly, ATL analogues reduced the level of TGF-β and reversed the fibrosis process in a mouse model of pulmonary fibrosis induced by bleomycin\[[@B12]\]. Thus, the effect of aspirin in reducing liver fibrosis is mediated by its antithrombotic and/or anti-inflammatory properties.

Some studies have attempted to determine whether aspirin or other antiplatelet drugs play a role in the progression of liver fibrosis. In a rat model of nonalcoholic fatty liver disease, Fujita et al\[[@B13]\] reported that antiplatelet drugs, such as aspirin, ticlopidine and cilostazol, significantly reduced liver fibrosis. Wanless et al\[[@B14]\] also proved that in a rabbit model of liver sinus fibrosis induced by cholesterol and diethylstilbestrol, dipyridamole inhibited platelet aggregation and reduced fibrosis in *vitro*. Yoshida et al\[[@B15]\] recently reported that platelet activation directly promoted liver fibrosis, and aspirin prevented the progression of liver fibrosis in animal models.

In addition to animal studies, Poujol-Robert et al\[[@B16]\] reported that daily low-dose aspirin administration reduced the progression of liver fibrosis in patients with recurrent hepatitis C after liver transplantation. Our study found that aspirin reduced liver fibrosis in rats and that high-dose aspirin (300 mg/kg) was superior to low-dose aspirin (30 mg/kg) in terms of antifibrotic effects.

Current experimental evidence suggests that coagulation factors, particularly thrombin, are closely related to liver fibrosis. Thrombin, the major effector of the coagulation cascade, causes a series of cellular effects through a family of G protein-coupled receptors known as protease-activated receptors. Through these receptors, thrombin stimulates the proliferation of hepatic stellate cells, which are important mediators of liver fibrogenesis. Thrombin receptors are expressed in the liver, and during the process of acute and chronic liver injury, the expression of thrombin receptors is up-regulated. Heparin, through its interaction with antithrombin, induces a conformational change in the antithrombin molecule, which greatly facilitates the interaction between antithrombin and targets of serine proteases such as thrombin, as well as the factors Xa, IXa, XIa and XIIa\[[@B17]\]. Low molecular weight heparin induces inhibition of the coagulation cascade, and its potential beneficial effects in liver fibrosis have been evaluated\[[@B18]\]. In our study, enoxaparin was shown to reduce liver fibrosis in rats.

In conclusion, we successfully established a rat model of liver fibrosis after 8 wk and successfully established a rat model of liver cirrhosis after 12 wk induced by TAA. Our study clearly shows that aspirin and enoxaparin can reduce liver fibrosis in rats. However, it is unclear whether the antifibrotic mechanisms of the two drugs are directly related to their anticoagulant effects in preventing thrombosis, or to other mechanisms, Further investigations are needed using anticoagulants as potential treatment for liver fibrosis/cirrhosis.
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Background
----------

Liver fibrosis is a hotspot of research. It is closely related to the chronic inflammatory response of the liver, and inflammation leading to liver fibrosis has been studied in detail. At present, several lines of evidence show that intrahepatic thrombosis is associated with liver fibrosis. A variety of chronic liver damage can eventually lead to endothelial injury and microvascular thrombosis, triggering inappropriate hepatocyte proliferation and fibrosis. Based on these observations, they hypothesized that routine use of antithrombotic drugs may prevent liver fibrosis.

Research frontiers
------------------

In the past, there was widespread belief that patients with liver cirrhosis experienced hypocoagulability. In recent years, however, this belief has been challenged. Studies found that patients with cirrhosis had hypercoagulability and even had a thrombus in some cases. There is evidence that coagulation is an important factor in the progression of cirrhosis. It is important to discuss the relationship among coagulation, anticoagulant therapy and liver fibrosis/cirrhosis.

Innovations and breakthroughs
-----------------------------

Reports of studies on antithrombotic therapies and antiplatelet agents reducing liver fibrosis in animals are rare. In this study, the authors evaluated if aspirin and enoxaparin are beneficial in a thioacetamide-induced rat model of liver fibrosis.

Applications
------------

Aspirin and enoxaparin can reduce liver fibrosis in a thioacetamide-induced rat model. They are beneficial in humans with liver fibrosis as well.

Terminology
-----------

Liver fibrosis and subsequent liver cirrhosis are common outcomes of chronic liver disease caused by various etiologies, with high morbidity and mortality.

Peer-review
-----------

The manuscript is very interesting, describing a study using a rat model, but reporting the results in humans is more complicated because we should consider other aspects, such as renal function. The manuscript is well written.
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